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PURPOSE 

To develop a large, high-capacity gate for free discharge 
regulation into an open s t i l i i ~ ~ g  basin a t  heads up to 240 feet. 

CONCLUSIONS 

1. A downstream-seal slide gate with narrow, specially designed 
gate s lots  and a leaf with a 45-degree sloped bottom with the springpoint 
a s  f a r  downstream a s  practicable wili produce smooth, relatively spray- 
f ree  flow onto a stilling basin apron (Figures 16, 27, and 28). P ressure  
measurements on the 1:19 inodel of the recommended gate design without 
vents indicate that it will be cavitation-free a t  a l l  openings, except those 
between 97 and 100 percent. V e n t i ~ g  will be required at openings between 
97 and 100 percent. Upc.. *weaching the fu l l -o~en  position, the gate is 
again cavitation-free without venting. 

2 .  Air vents in a band ac ross  the roof of the downstream frame 
near the gate leaf will limit the negative pressures  at  97 to 100 percent 
openings to safe values (Figure 21 ) .  

3.  Narrow gate slots produce a smoother s t ream with l e ss  spray 
and smaller  sidewall fins than wide slots.  The gate leaf may need to 
be thick ac ross  the flow passage to res is t  bendinp, but i t s  thickness 
should be reduced at  t h e  sidewalls to the much smaller  dimensions r e -  
quired for  the shear  loads to permit the use of narrower s lots  (Figure 
17). 

4 .  By outwardly offsetting the downstream slot corners  112 inch 
(prototype), and then slightly converging the walls to return the pas- 
sage width to that of the upstream frame,  serious negative pressures  
are avoided a t  the slots and on the side walls and roof of the downstream 
frame (Figure 21). 



by 9-foot 0-inch recommended s l ide gate i s  about 0.94 based upon the 
a r e a  of, and the total head in, the 114-inch conduit (Figure 20) .  

6. The recommended gate design may be used without change for 
discharge into closed o r  open conduit, a s  well a s  onto a st i l l ing basin 7 

apron (F igures  14, 15, and 16).  As with any control device, venting 
will be required where the discharge en te r s  a closed conduit. 

* 

7. .The recommended gate design may a l s o  be used for  s ~ b r _ : ~ . g s d  
installations. C a r e  must  be- taken to insure  that adequate submergence 
i s  provided for  the head differential available.  Data i s  presented which 
makes  a determination of this  required submergence possible (F igures  
24 and 25). 

8. The necessary  test  facil i t ies should be provided a t  Pa l i sades  
Dam so  thatobservations can he  made during the operation of a full- 
sized gate. 

9. An upstream sea l  gate with wide gate s lo t s  and without a con- 
trolled flow contraction pr ior  to the r e l ease  of the water  is not suitable 
for f ree  discharge regulation into an open sti l l ing basin. 

10. Deflectors  which provide sufficient flow contractions for  good 
gate operation reduce the flow capacity of a given s i ze  gate. The jet 
flow valve (fixed wheel gate) developed for  Shasta Dam (Report  No. 
Hyd-2 , I )  i s  an  upstream sea l  gate with the contraction produced by a 
45-degree inwardly sloping c i rcu lar  or i f ice  immediately upstream 
from the fixed wheel leaf. This  design has been found excellent in 
field serv ice  and has  a discharge coefficient of 0.70 based upon total  
head and conduit a r e a .  The model studies reported he re  indicate that 
no particular improvement can be made on this type gate. 

11. Devices such a s  honeycomb-like 12affles and guide vanes placed 
immediately upstream from the gate a r e  generally impracticable.  Sim- 
i larly,  extensions to the leaf to provide controlled contractions a r e  im- 
practicable.  
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INTRODUCTION b 

Pal i sades  Dam i s  located in Idaho on the south fork of the 
Snake River approximately 8 mi les  west of the Idaho-Wyoming border  
and about 75 a i r - l ine  mi les  northeast  of Pocatello (Figure 1). The 



compacted ear th s t ruc ture  2, 200 feet long at  the c re s t  (Figure 2). 
It will provide water s torage for  supplementary irrigation to 650,000 
a c r e s  now receiving water from the Snake River and from i ts  tribu- 
t a r i e s  above Milner Dam. It will provide d i rec t  flood protection f o r  
100, 000 a c r e s  of agricul tural  land upstream f rom Idaho Fa l l s ,  and 
indirect protection to the colnmunities and lands fa r ther  downstream. 
I ts  powerplant will develop a yearly average of 387 million kilowatt . hours of electricity.  

A spillway, controlled by two 20- by 50-foot radial  gates, i s  
located at the left abutment of the darn (Figure 2). The water released 
by the spillway, up to a maximum flood flow of 48,000 c i s ,  is d is -  
charged through a 28-foot-diameter tunnel to the r i v e r  channel down- 
s t r eam f rom the dam. The outlet works are a l so  located a t  the left 
abutment and re lease  flows up to 42, 000 cfs  through s ix 7-foot 6-inch 
by 9-foot O-inch regulating slide gates and two 96-inch hollow-jet 
valves (Figure 3) .  Two of these s l ide gates a r e  connected to the 26- 
foot-diameter penstock which s e r v e s  the generator  units i n  the power- 
house. The other  four slide gates and two hollow-jet valves a r e  con- 
nected to a second 26-foot-diameter conduit. Normal water re leases ,  
in excess  of the turbine requirements ,  will be made through the hollow- 
jet valves. Larger  r e l eases ,  including floodwaters, will be made 
through the s l ide gates.  The maximum head on the outlet works i s  
235 feet. 

The desirabili ty of using a minimum number of outlet branches 
and control s t ruc tu res  to  handle the flows through the dam requi res  that 
large quantities of water  pass  through each branch. The discharge co- 
efficient of approximately 0.70 for  hollow-jet valves (based on conduit 
a r e a  and total head) was not high enough to permit  discharging the re- 
quired amount of water without an excessive number of valves, o rva lves  
of excessive proportions. On the other  hand, the favorable discharge 
coefficient of more  than 0.90 for sl ide gates permi ts  passing the 42, 000 
cfs  of water through only seven gates 7 feet 6 inches wide by about 9 feet  
0 inches high. One of these gates w a s  replaced with two 96-inch hollow- 
jet valves in the final outlet works arrangement  making a total of six 
slide gates and two hollow-jet valves (Figure 3 ) .  

The 235-foot head under which the outlet gates will operate is 
much grea ter  than the heads a t  which la rge  regulating slide gates have 
previously been used. It was therefore necessary  to develop a gate de-  

I .  

I 
sign suitable for  use at any opening and any head up to the above maxi- 
mum. This slide gate development program and the r e su l t s  obtained 

I from it a r e  described in this report .  



Upstrean1 Spa1 Gate 

The Design 

A tight-sealing, easy-moving gate with a minimur,~ hydraulic 
downpull was desired.  These conditions seemed best filled by a fixed 
wheel gate with the skin plate and seal on the upstream face of the leaf .  
A tentative design embodying these features was prepared by the de- 
s igners  (Figure 4 ) .  The gate f rame downstrean] from the leaf was 
made wider than the 8-fogt 0-inch-wide upstream frame to remove 
the downstream slot corner  from the path of the water. Similarly. 
the roof of the downstream f rame  was higher than the roof of thew9- 
foot 6-inch-hip11 upstream f rame .  The g&te slot was wide to accomo- 
date the thick eate leaf and its wheels. 

M ~ d e l  Description 

A 1:19 scale model was built of a 7-foot 6-inch by 9-f00t 6-inch 
gate (Figure 5 ) .  This gate was 6 inches narrower than the one origin- 
ally proposed and was used because its full-open a rea  of 7 1 . 2  square 
feet approximately equaled the 7 1.0-square-foot a rea  of the 114-inch 
conduit. Transparent plastic side plates were used to form the outside 
boundaries of the gate s lots  so the flow inside the slots could he ob- 
served. The gate was connected to a 6-inch inside diameter,  smooth- 
walled b rass  pipe by a transition. The 6-inch pipe, a t  the model sca le  
of 1:19, represented the prototype 114-inch steel  conduit, and the 33- 
foot-long model section was connected to a 4-foot-diameter pressure  
tank by a bellmouth. Water was supplied to the tank through the central  
laboratory o i~ine:  svstem which included Venturi meters  fo r  measuring 

8 <., 

the ra te  df flow. A rinq of four piezometers was provided 1 diameter 
uDstream f rom the outlet of the 6-inch pipe to measure the piezometric --r - - - - .- - 

head of the water entering the gate-transition assembly. The water d is -  
charged freely into the atmosphere after leaving the gate and returned 
t s  the laboratory supply reservoir  fo r  recirculation. 

Model T ~ s t s  

Tes ts  on preliminary de-n. A t  the full-open position, water 
flowed sm<othly out of the gate without toucl~i t~g the sides o r  top of t h e  
downstream f r a m e  [Figure 6A) .  However.. when the n ate was closed so  
that the leaf entered thoe s t r ea&,  the flow i t  the top of the gate opening 
soread a n d  struck the slot corners .  A s  the pate was closed further ,  -,-- - - - -.. - 

more of the s tream entered the slot. At a ciosure of 3 percent (97 per- 
cent opening) the model slots were filled from the floor to the top of the 
bonnet. At 83 percent opening, large quantities of spray occurred a t  . 
the corners  formed by the gate leaf and the s ide  walls (Figure 633). At 
smaller  openings, pressure  built u p  within the s lots  and forced water 
out of the bonnet and down the back of the leaf. This water fell  on the 
issuing jet to cause additional spray (Figures 6C and D). 



.-.-- 
downstream gate f r a m e  'was not wide enough to c lear  the flow when the 
leaf extended into the s t r e a m .  To determine how wide the f r a m e  should 
be,  the f r a m e  was removed, and the leaf was held in place with c ldmps  
(F igures  7 h  and B). Water was passed through the gate, and the angle 
of flow divergence noted. This divergence was  much g rea t e r  than an-  
ticipated, particularly at  the smal l  openings, and it was impracticable 
to provide a downstream f r ame  wide enourrh s o  the c o r n e r s  would not - be s t ruck  by the water .  

Effect of gate leaf extensions. It was noted that the water  
which entered the s lo t s  came pr imari ly  f rom the top of the jet a t  the 
s ides  of the gate. If this  water could be directed s t ra ight  downstream 
from the leaf, ra ther  than being allowed a sideward component, t he re  
would be no imninpement o n  the slot co rne r s  and the flow would be . . 
s m ~ o t h e r .  Various shaped extensions were  added to the bottom c o r -  
n e r s  of the leaf, and an extension was added to the center  of the leaf 
in a t tempts  to produce the desired flow (Figures  8A, B and C ) .  None 
of the extensions were  found effective. 

An extension which projected upstream the equivalent of 10 
inches from the leaf face (Figure 8D), and thereby shifted the point of 
control 10 inches upstream f rom the slot ,  improved the flow conditions. 
A longer e x t e n s i ~ n  would probably have produced even better flow con- 
ditions, but short  tube action under the gate a t  smal l  openings with 
ei ther  the 10-inch o r  the longer extension would introduce s e v e r e  neg- 
a t ive p re s su res  and cavitation. The t e s t s  were  discontinued because of 
the p r e s s u r e  and s t ruc tura l  problems. 

Effect of baffles upstream of gate.  It appeared that if the flow 
at the gate leaf were constrained to move paral le l  to the floor and walls 
of the f r ame  there  would be l e s s  flow contraction under the leaf and less 
tendency for  the s t r eam to spread into the s lo t s .  A honeycomb-like baf- 
f le  (Figure 9A) immediately upstream from the leaf improved the flow 
near  the s lo t s .  A second honeycomb, with passages which converged 
f rom the s ides  toward the center  and from the roof toward the floor,  was 
a l so  used (Figure 9B), but the action was too seve re  and the water  formed 
a high ver t ical  fin at  the top of the s t r e a m .  In addition, head lo s ses  
were high. Mlith both honeycombs there  was a shift in control f rom the 
gate leaf to the upstream edge of the honeycomb when the leaf bottom 
was level with, o r  slightly below, a horizontal honeycomb member .  This 
control shift  was objectionable and s teps  were taken to re l ieve it by re- 
moving the cent ra l  portion of the grid s o  that only a s t r i p  remained on 
each s ide of the passage (F igures  9C and D). The control shift  was  
greatly reduced f rom that with the ful l  gr ids ,  and less water  entered the 

.I s lo ts  than would have entered if the s t r i p s  were not in place. Neverthe- 
less there  was considerable turbulence a t  the s lo t s  and la rge  f ins  formed 
on the s ides  of the jet. It appeared that for  the Pal isades installation 
the objectionable f ea tu res  of the honeycombs outweighed the des i rab le  
features ,  and the t e s t s  were terminated.  



flow valve (fixed wheel ~ a t e ,  Report No. Hyd-201) indicated that, by 
deflecting the flow toward the gate center line immediately upstream 
from the gate leaf, the flow c'ould be made to c lear  the slot c o r t ~ e r s  
downstream. Several deflector designs were used on the walls, floor, ., 
and ceiling of the Palisades gate model, and the operation with the 
equivalent of 2-inch, 00-degree side wall deflectors and a 6-inch, 90- 
degree floor deflector is sliown i n  Figure 10. At the full-open posi- 
tion the side contraction, without a correspond in^ ceiling contraction, 

- 
produced a fin at the top of the s t ream that rose  higher than the gate 
bonnet (Figure 10A). Closi~lg the gate 3 percent eliminated this  fin 
(Figure 10R). In general, the flow character is t ics  were good. How- 
ever ,  the coefficient of discharge. of the full-open gate, based upon 
the cross-sectional a r e a  of the conduit 1 diameter upstream from the 
transition section and upon the total head at this point, was 0. 71.  At 
the 3-percent closed position the coefficient was  0.67. These values 
were much lower t!nn liad originally been sought. 

The design of the gate a t  t h i s  point resembled that of the jet 
flow valve (fixed wheel gate), with t h e  exception that the orifice was 
rectangular instead of round. It was felt that not enough advantage 
could be gained over the jet flow valve to warrant further study a t  this 
t ime.  The investigation was therefore shifted to study the possibili- 
t ies  of developing a downstream seal pate suitable for the high heads 
and flows at I'alisades Dam. 

Downstream Seal Gate --.-- 

The Desipn 

I I The customary standard, 'tliph- pressure  slide gate, " which 
i s  a downstream seal  gate, has hydraulic deficiencies whicl~ greatly 
reduce i ts  usefulness and dependability. Cavitation in ser ious propor- 
tions has heen encountered on the gate leaves, and on the gate f r a m e s  
near the slots.  Some of the cavitation damage at Caballo Dam (maxi- 
mum head 75.25 feet) is  shown in Figure 11. At Rye Patch Dam (max- 
imum head 53. 35 feet) the Sottom of the gate leaves were so badly 
eroded that large a r e a s  were eaten through the castings (Figure 12).  
During model tests  on Cedar Bluff and h'ledicine Creek outlet works 
the jet from the sta:~clard gate was found to be so poorly distributed that 
the stilling basins immediately downstream could not operate properly. 
I t  became necessary to redesign the gate leaves and slots  during the 
model tes ts  to obtain the required smooth s t ream (Reports No. Myd- 
245 and Hyd-273). Conditions such a s  those for  the standard gate can- 
not be tolerated a t  Talisades Dam where the gates may discharge at b 

partial openings a t  high heads for long periods of t ime onto an open 
stilling basin chute. 

Ga te  slots have been a soul-ce of trouble to the l3ure:lu of 
Reclamation and to otlier engineering o rpn iza t ions  for a long time, 



I A 45-deeree sloping bottom was selected for the gate leaf to 

Low ~ r e s s u r e s  conducive to cavitation a r e  avoided bv u s i n u  a I 
t'he gate bottom) of 45 degrees was selected a s  the best compromise 
between hydraulic and structural  considerations. 

. " 
ing bas in  adjacent to the powerhouse. Experience with the Cedar Eluff 
rnodel gate showed that smooth flow could 'ae obtained by keeping the 
control noint i n  the gate as far  a s  possi t~le toward the downstream edge 
of the slots ( R e ~ o r t  N o .  Hvd-2451. This condition is attainpd w i t h  the 

A model of the ~ r e l i n ~ i n a r y  design downstream-seal gate was 
obtained I:y modifying the one used i n  the upstream seal  studies (Figure 
13). The modifications consisted of transparent slot fillers to reduce 
the slot width to 0.25 inches and the depth to 0.63 inches; a new leaf 1.32 
inches thick in the flow passage and 0.25 inches thick i n  the s lots  witha 
45-degree sloping bottom; and L.locks to narrow the downstream f rame  
and to provide I-lnch (prototype) outward offsets on the downstream 

> 

7 



to return the  passage width to t!ie equivalent of 7 feet 6 inches. 

A smooth, well-distributed s t ream was discharged by this 
preliminary model of the downstream-seal gate. The s t ream was 
readily adaptable to re lease  into eitiier a closecl rectar~gular  conduit, 
an open rectangular. chute, o r  onto a stilling basin apron (Figures 14, 
15, and 16). A coefficient of discharge of 0 . 9 7  was obtained. This 
was in line witti that sought a t  the outset of the investigation. On the 
basis of the performance of this prclimiriary model a more detailed 
model was built. 

Model Description--Recomnlended Design 

The favoral~le discilarge coefficient of the preliminary down- 
s tream-seal  design allowed the clesiqners to reduce the height of the 
prototype ?ate from 9 feet G inches to 9 feet 0 inch, a ~ ~ d  this change 
w a s  incorporated i n  the final model (Figure 17). Narrow gate slots, 
a t!iick leaf with the bottom sloped 45  desrees ,  and a relatively long 
downstrealm frame were provided. The outward offset at the down- 
strean; slot corners  on the side walls and ceiling was 1 / 2  inch (pro- 
totype) and the return of the passage dimensions to the 7-foot 6-inch 
by 9-f00t 0-inch conduit was accomplished with walls that converged 
a t  a rare of l:6O rclative to the center line. Piezometers  were placed 
it1 regions where field experience had showrl cavitation damage on pro- 

%otype structures (Figure 17) .  The pressures  acting on the piezometers 
were measured with single-leg, watcr-filled manometers.  

It was proposed that the same gate design be used for both the 
emergency atid regulating gates because this allowed lower initial costs 
and reduced maintenance problems. The gates would be placed i n  tan- 
dem with the regulating gate immediately downstreani from the emer -  
gency gate. To obtain this tandem arrangement in the model, a dummy 
gate was made to represent tlie flow passages of a gate in the wide-open 
position (Figaloe 18i3). The dummy qate could be attached to either the  
upstream u r  downstream side of the operatin? gate. Tiezometers were 
placed in the roof and on one side wall (Figure ICE). A transitio1-1 from 
the 6-inch-diameter inlet pipe to the upstream gate f rame dimensions 
completed t h e  model. (Figure 113h). Three piezomete1-s were placed in 
the tralisition along the line leading from a 45-degreepoint on the c i r -  
cular end to the upper left corner  of the rectangular end. This line l ies  
along the most rapidly diverr;ing element relative to the  conduit center 
line and was believed to be where tf~e lowest pressures  would be en- - 
countered in tlie transition. 

Water was supplied to this model through the same piping and 
measuring system a s  used in t h e  previous tes ts .  

. 
Model Tests  

Downstream oate controllinp t h e  flow. To represent t h e  con- 
dition whkre the downstreanl gate (regulating gate) was used for control, 



Water  d i scharged  smoothly  a t  heads  up to the equivalent of 4 0 0 f e e t ,  
and a t  a11 ga te  openings except  between 97 and 100 percent  of full  open.  
Eetween 97 and 100 pe rcen t  open the w a t e r  tended to  cl ing to the  roof 
of the  downs t ream f r a m e ,  and rough flow r e s u l t e d .  At 100 pe rcen t  
open the  wa te r  w a s  it1 fu l l  contact  with the  roof ,  and smooth  flow w a s  
again obtained.  At openings  l e s s  than 97 pe rcen t  the w a t e r  jumped 
f r e e  f r o m  the roof and smooth  flow o c c u r r e d .  T h e  flow c h a r a c t e r i s -  
t i c s  a t  a total  equivalent  head of 240 fee t  and a t  ga te  openings  of 100, 
60 ,  40, and 20 percent  a r e  shown in F i g u r e  19. r ' i n e  s p r a y  c a m e  f r o m  
the  c o r n e r s  fo rmed  by the  ga te  leaf bottom and the s i d e s  of the  ga te  
f r a m e .  Thin f ins  formed alr>ng the  wa l l s  of the downs t ream f r a m e .  
T h e  coefficient  of d i s c h a r g e  v e r s u s  gate  opening c u r v e s  f o r  a s ing le  
gate  and f o r  the tandem a r r a n g e m e n t  are shown in F i g u r e  20. 

F r e s s u r e  m e a s u r e m e n t s  obtained f r o m  t h e  p i e z o m e t e r s  in the 
passage  wal ls ,  and e x p r e s s e d  in fee t  of w a t e r ,  a r e  shown in F i g u r e  21A. 
-At 100 pe rcen t  ga te  opening and a t  a total  head of 240 fee t ,  the  p r e s s u r e s  
on the  roof and on the s i d e  wa l l s  3 inches  below the  roof w e r e  positi.ve 
just  downs t ream f r o m  the ga te  s lo t ,  and b e c a m e  negative to t h e  extent  
of 4 . 4  f ee t  n e a r  the  end of the f r a m e .  All the r e m a i n i n g  s i d e  wall,  ga te  
s lo t ,  f loor ,  and t r ans i t ion  p r e s s u r e s  w e r e  posi t ive.  At 99 pe rcen t  open,  
the roof p r e s s u r e s  just  downs t ream f r o m  the s lo t  w e r e  negative to the 
extent  tha t  cavitat ion would o c c u r  on the prototype if no air w e r e  ad-  
mi t t ed .  T h e  r e s t  of the  p r e s s u r e s  w e r e  about the  s a m e  a s  a t  100 p e r -  
cent  open.  At 98 pe rcen t  open,  p a r t  of t h e  w a t e r  s t i l l  r e m a i n e d  in con- 
t ac t  with t h e  roof ,  but no negative p r e s s u r e s  g r e a t e r  than 1 .6  fee t  of 
w a t e r  w e r e  found. At all s m a l l e r  ga te  openings and a t  all heads  t e s ted  
the  ga te  s lo t ,  s i d e  wall ,  and f loor  p r e s s u r e s  w e r e  posi t ive.  

T h e  e x t r e m e  negative p r e s s u r e s  on the roof a t  99 percent  ga te  
opening w e r e  endes i rab le .  T o  r e l i e v e  t h e s e  low p r e s s u r e s ,  eight  3132- 
inch-d iamete r  a i r  ven t s  w e r e  d r i l l ed  into the roaf of the  d o w n s t r e a m  
f r a m e  a long a l ine tha t  w a s  t h e  equivalent  of 3 inches  downs t ream f r o m  
the  gate  s lo t  (F igure  17). T h e  ven t s  supplied sufficient  a i r  t o  l i m i t  the  
negative p r e s s u r e s  t o  va lues  not g r e a t e r  than 5 .7  fee t  of w a t e r  ( F i g u r e  
21A). B e t t e r  venting would have m a d e  the p r e s s u r e s  m o r e  n e a r l y  a t -  
m o s p h e r e .  No a t t e m p t  was  m a d e  to  m e a s u r e  the amount  of air d rawn 
through the vents ,  but apparen t ly  it w a s  nominal  because  the  model  air 
p a s s a g e s  w e r e  not conducive to high r a t e s  of flow. T h e  impor tan t  con- 
s ide ra t ion  f o r  the prototype s t r u c t u r e  i s  tha t  air be admi t t ed  a c r o s s  the  
ful l  width of the roof in a band a s  c l o s e  to the  gate  leaf a s  s t r u c t u r a l  
cons ide ra t ions  pe rmi t .  

Ups t ream ga te  control l ing  the  flow. To r e p r e s e n t  the  condition 
w h e r e  the  ups t ream (emergency)  ga te  would be the  control ,  the  mode l  
ga te  w a s  placed ahead of the  d u m m y  ga te .  W a t e r  d i scharged  in the s a m e  
m a n n e r  a s  when the  downs t ream ga te  control led ,  and s l ight ly  l a r g e r  s i d e  
wall f ins  w e r e  fo rmed ,  probably due  to t h e  g r e a t e r  length of wal l  below 
the  control  ga te  ( F i g u r e  22) .  Smooth flow o c c u r r e d  a t  all ga te  openings 



admitted a t  the vents the water  tended to cling to the roof longer than 
previously because the passage was longer and the re  was l e s s  oppor- 
tunity for a i r  to move back f r o m  the end of the downstream gate. As 
expected, the roof p r e s s u r e s  were  very low ?t gate  openings of 98 and 
99 percent when the a i r  vents  were  closed (Figure 21B). The r e s t  of 
the p re s su res  were s i .n~i la r  to those in the previous tes ts ,  but were  
higher by the slight amount that the hydraulic grade  line was  increased. 
At 97 percent open the wa te r  was  springing f r e e  of the roof, and the 
roof p re s su res  became approximately atmosplleric.  Good flow oc- 
cu r red  a t  100 percent opening. The admission of a i r  through the vents 
l imited the most severe  negative p re s su res  in the roof to 11.5 feet of 
water ,  prototype. Better venting would made these  p re s su res  more  
near ly  a tmospheric .  

The p res su res  in the roof downstream f rom the gate slot  in 
the downstream (dummy) gate were  not greatly affected by the low pres-  
sures near  the preceding gate and remained very slightly negative when- 
eve r  the conduit was full. These  s l i g l ~ t  negative p r e s s u r e s  were  of about 
the s a m e  magnitudeas those which would occur on the top sur faces  a t  the 
end of a straight pipe which i s  discharging horizontally into the atmos-  
phere.  

The p res su res  on the walls and floor of the upstream ga tef rame 
a t  openings of 15, 10, and 5 percent and a t  a total head of 240 feet a r e  
shown in F igure  21B. All w e r e  positive. The p r e s s u r e s  on the wall 6 
inches above the floor in the do-vnstream gate (Station 13) when the up- 
s t r e a m  gate i s  regulating a r e  positive near  the s lot  and become negative 
to a maximum value of 2 .20 feet near  the end of the f rame.  The pres-  
s u r e s  were measured a t  control gate openings of 100, 99, 98, and 20 
percent and at  a constant total  head of 240 feet (F igure  21B). 

Gate discharging underwater. A special  r e s e a r c h  program was 
made with the recommended design model gate to determine the pres-  
s u r e s  that would occur on th i s  type of gate it1 the event that it were used 
underwater.  T h e  gate was  placed a t  the end of a 6-inch supply line in 
such a manner that it could discharge into a ta i l  box (F igure  23A). T r i -  
angular baffles in the box broke up the flow to produce a more  quiet 
water  surface,  and a tailgate allowed regulation of the water depthabove 
the model gate. The gate  was tested in a r rangements  where it discharged 
ei ther  directly into the pool, o r  into a 12-inch-long rectangular conduit 
leading to the pool (F igu res  23B and C ) .  

The pressu-  - obtained on the gate a r e  presented in the nondi- 
mension form of prt. - 5 L: :e coefficients wherein the  coefficient (or pres-  
s u r e  factor)  equals ' p r e s s u r e  difference between the particiilar pie- 
zometer  and the reference piezometer,  divided by the velocity head a t  
the reference station. The reference piezometer was taken a t  a point 
in the 6-inch supply pipe 1 d iameter  upstream f rom the inlet transition 
(F igure  23A). The tabulated p res su re  coefficients for  the gate discharg- 
ing direct ly  into the pool a r e  shown in Figure 24. Those for  discharge 



into the  s h o r t  conduit a r e  shown in F i g u r e  25. T h e  coefficient  of 
d i s c h a r g e  v e r s u s  gate opening c u r v e s  f o r  the  two types  of opera t ion 
are  shown in F i g u r e s  26A and  B, respec t ive ly .  

T h e s e  data m a y  b e  appl ied  to  a n y  g e n e r a l  s i tua t ion in the  
fol lowing m a n n e r .  F i r s t ,  d e t e r m i n e  the  r a t e  of flow by m e a n s  of the 
g a t e  opening, ga te  and conduit  s i z e ,  the  coefficient of d i s c h a r g e  a t  the  
opening,  a n d  the  total  head d i f fe ren t i a l  a c r o s s  t h e  gate .  Having ob- 
t a ined  the  flow r a t e ,  compute  t h e  velocity head a t  the  r e f e r e n c e  point. 
T h e  p r e s s u r e  coefficient f o r  t h e  p a r t i c u l a r  p i e z o m e t e r  m a y  then be  
mul t ip l ied  by th i s  velocity head to  give the p r e s s u r e  change,  in fee t  
of w a t e r ,  f r o m  the  p i e z o m e t e r  t o  the  r e f e r e n c e  s t a t ion .  T h e  p r e s -  
s u r e  change,  added a l g e b r a i c a l l y  to the  r e f e r e n c e  s t a t ion  p r e s s u r e ,  
wi l l  g ive  t h e  p iezomet r i c  p r e s s u r e  to b e  expected a t  the  p a r t i c u l a r  
locat ion.  T h e  p r e s s u r e  a t  the  r e f e r e n c e  stat ion is found by adding the 

s u b m e r g e n c e  to the head given by the re la t ion  

In genera l ,  the  g a t e  o p e r a t e s  s a t i s f a c t o r i l y  as a regula t ing 
d e v i c e  in submerged  ins ta l l a t ions  provided t h e r e  is adequa te  w a t e r  
dep th  (o r  p r e s s u r e )  above  it. A s  with m o s t  con t ro l  d e v i c e s  when used 
u n d e r w a t e r ,  s e v e r e  cavi ta t ion  can  o c c u r  if t h e  g a t e  is placed in an 
i m p r o p e r  se t -up.  T h e  above  d a t a  m a y  be used to  examine  fu tu re  s t r u c -  
t u r e s  using t h i s  des ign s l i d e  ga te  to i n s u r e  tha t  a d e q u a t e  submergence  
is provided f o r  the head d i f f e r e n t i a l s  a t  which t h e  ga te  is to  opera te .  

F o r  r e f e r e n c e  p u r p o s e s  the  prototype des ign  of the  P a l i s a d e s  
7-foot 6-inch by gWf00t 0-inch s l i d e  ga te  is shown in F i g u r e s  27 a n d  28. 
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A .  F u l l  ol)en 
13. 14:%70 ope11 

c .  67% open D .  1770 open 

k'A1,ISADES HEGUL,ATING SLIDE GA'I'E 
k ' r e l i m i ~ l n r y  design, 7 '  - 6" x $1' - 6" Ul)stt-c;lm Seal Ciilte 
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Figure 7 
Report Hyd 387 

A .  67% open 

I'tII-ISADES KEiGlJI,ArI'ING SLIDE G A T E  
Pr.el~rn11l:ir.y D e s i g n ,  7 '  - 6" x 9 '  - 6 "  Upstr.eani S e a l  Gate  

F l o w  condlt lons fur- I :  I9 sc.:llt* rnudel w i t t ~  downstream 
fr.;lnie removt?d and eclulvalt .nt  ht.;rd of 240 feet 
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V I E W S  L O O K I N G  U P S T R E A M  
-01 mens tons gtven os prototype 

P A L I S A D E S  REGULATING S L I D E  G A T E  
PRELIMINARY DESIGN 7'-6"x 9'-6" u PSTREAM SEAL GATE 

EXTENSIONS FOR 1 :  19 SCALE MODEL GATE L E A F  BOTTOM 
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Figure 10 
l i e p o r t  tlytl 987  

I A .  ta'ull open  13. 9770 o p e n  

C .  6770 open  D .  1770 open  

IIALISADES HECUL.ArTINC SL-1DE GATE 
P r e l i m i n a r y  D e s i g n ,  7 '  - 6" x 9'  - 6" U1)strenm Seal Gate  

k ' low c o n d i t i o n s  f o r  1 :  19 s c a l e  rnodel wi th  equ iva l en t  o f  
4 - i n c h ,  90" s i d e w a l l  d e f l e c t o r s ;  n 6 - i n c h ,  90° f l o o r  d e f l e c t o r ,  

and a 2 4 0 - f o o t  head 
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Figure 14 
Report Hyd 387 

A .  k'ull open, 8600 c f s  E .  75% open, 5500 c f s  

C .  50% open, 3500 c f s  D .  25% open. 1860 c f s  

IJAI . ISADES H E C U 1 , A T I N C  SLILIE GA'I'E 
I-'relirninax-y Design, 7' - 6" x 9 '  - G" Downstream Sen1 Gate 

Flow conditions for 1 :  19 sca le  model with the 
equivalent of 19 feet of gate-sized conduit downstream, 

and a 240-foot head 



F i g u r e  15 
Repor t  Hyd 387 

A .  F u l l  o p e n ,  8 6 0 0  cfs B. 7570 o p e n .  5 5 0 0  c f s  

C. 5070 o p e n ,  3 5 0 0  c f s  D .  2570 o p e n ,  1860  cfs 

I'ALISADES REGULATING SLILL G A T E  
P r e l i m i n a r y  D e s i g n ,  7 '  - 6" x 9 '  - 6 "  D o w n s t r e a m  S e a l  G a t e  

Flow corldit ions for 1:19  s c a l e  m o d e l  with the  
equ iva l en t  of a 7 '  - 6 " - w i d e  chute  downst l -earn.  and 

a 240 - foo t  head 



Figure 16 
Report Hyd 387 

A .  r ' u l l  open, 8600 c f s  H .  75% open, 5500 c f s  

C. 507' open, 3500 c f s  D .  25% ol)eri, 1860 c f s  

1,ALlSADES HECULA'I'INC SLIDE GA'SE 
J3reliminary Design,  7'  - 6" x 9'  - 6" Downstream Seal Gate 

Flow conditiorls for 1 :  19 s ca l e  model with curved still ing 
basin  apron downstream and equivalent 

head of 240 feet 







F i g u r e  19 
Report Hyd 387 

. 

A .  Fu l l  open,  8270  c f s  B .  6070 open ,  4 0 3 0  c f s  

C. 4070 open,  2610 c f s  D .  20% open,  1360 c f s  

1- ALISADES REGULATING SLIDE GATE 
Recommended D e s i g n ,  7' - 6"  x 9' - 0" Downstream Sea l  Gate 

Flow condit ions  f o r  1 :  19 s c a l e  mode l  a t  a n  
equivalent head of 240 f e e t  % 
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GATE OPENING -PERCENT OF EFFECTIVE LEAF TRAVEL 

A . - S I N G L E  GATE I 

GATE OPENING - PERCENT OF EFFECTIVE LEAF TRAVEL 

8.- T A N D E M  GATES 

PA L I  S A D E S  REGULATING SLl DE GATE 
RECOMMENDED DESIGN 7'-6"x 9'-0" DOWNSTREAM SEA,L GATE 

COEFFICIENT OF DISCHARGE VERSUS GATE OPENING - FREE DISCHARGE 

Doto from 1 : 19 Scole Model 
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FIGURE 2 5  

A. GATE I 0 0  -1. OPEN 8. GATE 9 8 %  OPEN C. GATE 9 5 %  OPEN 

0. GATE go*.. OPEN E.  GATE 80-/.OPEN F. G A T E  6O0/.OPEN 

Reference p~elorneter In 6.lnCh I D  pipe ldlamster upstream from tmnsl t~on to pate 

PAL.ISADES REGULATING S L I D E  GATE 
RECOMMENDED DESIGN 7'-6"x 9'-0" DOWNSTREAM S E A L  G A T E  

PRESSURE COEFFICIENTS FOR DISCHARGING SUBMERGED INTO A SHORT RECTANGULAR CONDUIT 

NO A I R  V E N T S  

Doto trom I :  18 Scale Model 

14s 



G A T E  OPENING - P E R C E N T  OF EFFECTIVE L E A F  T R A V E L  

8.- D I S C H A R G E  INTO SUBMERGED CONDUIT 

PAL1 S A D E S  REGULATING SLIDE GATE 
RECOMMENDED DESIGN 7'-6"x 9'-0" DOWNSTREAM SEAL GATE 

COEFFICIENT O F  Dl SCHARGE VERSUS GATE OPEN I NG -SUBMERGED FLOW 

Doto  t rom 1 : 19 S c a l e  Model 
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